Increased D-dimer is indicative of a hypercoagulable state and found to be associated with acute coronary syndromes. The present study aimed to evaluate whether plasma D-dimer levels could predict subsequent major clinical events in patients with coronary artery disease (CAD). First, 2209 angiographic-proven patients with CAD were consecutively enrolled. Then, all patients were subjected to follow up for an average of 18 months (ranged from 14 to 1037 days). The relationships of the plasma D-dimer with the severity of CAD and future clinical outcomes were evaluated. We found that plasma D-dimer was higher in patients with prior myocardial infarction (MI) than that in patients with nonprior MI (P ¼ .006). Multivariate linear regression analysis suggested that the plasma D-dimer was linked to the severity of CAD assessed by Gensini score (b ¼ 0.052, 95% confidence interval [CI]: 1.20-6.84, P ¼ .005) even after adjusting for confounding factors. During the follow-up, 42 patients underwent prespecified outcomes. After adjustment for multiple variables in the Cox regression model, the D-dimer levels remained to be a potential predictor of total outcome (hazard ratio ¼ 1.22, 95% CI: 1.09-1.37, P ¼ .001). Therefore, plasma D-dimer levels appeared to be a useful predictor for the severity of CAD and the subsequent major clinical events.
Introduction
Acute coronary syndrome (ACS) usually results from thrombosis of atherosclerotic plaque rupture, therefore, it has been proposed the circulating markers that reflect activated coagulation and fibrinolysis may be linked with the pathogenesis of coronary artery disease (CAD). 1,2 D-Dimer is a product of the degradation of cross-linked fibrin, and its plasma levels reflect active fibrin formation and degradation. 3 D-Dimer together with circulating tissue plasminogen activator antigen and von Willebrand factor, and other markers have been paid much attention on cardiac events. 4, 5 Meanwhile, D-dimer has been concerned in stoke events field. 6 Actually, the concentrations of D-dimer were demonstrated to remain elevated for several months after acute myocardial infarction (AMI), suggesting that the patients with AMI had an enhanced coagulable state. 7 Meanwhile, such an enhanced coagulable state is associated with myocardial infarction (MI) and mortality. 8 Thus, D-dimer as an indicator of coagulable state might be a useful biomarker in predicting cardiovascular ischemic events. 9 Indeed, several previous studies suggested a positive association of the D-dimer levels with CAD and stoke risk in essentially general and secondary prevention populations, 6, [9] [10] [11] while other reports indicated that the plasma D-dimer was not always a useful predictor of major adverse cardiovascular events (MACE) in cardiovascular diseases. 12, 13 Nevertheless, most of previous studies did not indicate whether anticoagulant drugs such as heparin was used in the enrolled study participants. Prior study showed that heparin could influence D-dimer level, 14 which might influence the predicted value of D-dimer in CAD clinical outcome.
Therefore, in the present study, we aimed to estimate whether plasma D-dimer levels were associated with MI and the extent of CAD assessed by 2 different coronary assessment systems (number of stenosed coronary vessels and Gensini score [GS]) 15 in patients without anticoagulant treatment on admission. Furthermore, we sought to gather evidence evaluating the value of the D-dimer baseline level to predict subsequent clinical outcome in patients with CAD for an average of 18 months follow-up.
Materials and Methods

Study Population
This was a single-center, prospective follow-up study. From April 2011 to March 2014, a total of 2410 patients with angiographic-proven CAD (>50% diameter stenosis of at least 1 major coronary artery) (74.1% men) aged 22 to 84 years (average age: 58.58 years) were consecutively enrolled. Patients with malignancy, significant hematologic (anemia, thrombocytopenia, leukocytosis, leukemia) and febrile disorders (body temperature more than 38 C), and anticoagulant therapy (heparin, low-molecular-weight heparin, warfarin) before admission were excluded from the present study. Data including the demographic, clinical, laboratory findings, and angiographic examination were collected. The protocol of this study was approved by Fu Wai hospital ethics committee and complied with the Declaration of Helsinki (Fu Wai Hospital & National Center for Cardiovascular Diseases, Beijing, China). The informed consents were obtained from all participants.
Diagnostic Criteria
Diabetes mellitus (DM) was diagnosed in patients with fasting glucose level of >6.99 mmol/L by multiple determinations, 2-hour plasma glucose !200 mg/dL (11.1 mmol/L) during an oral glucose tolerance test, HbA 1C !6.5% or under active treatment with insulin, or oral hypoglycemic agents. 16 Body mass index was calculated by dividing the weight (kg) of an individual by the square of his or her height (m). Coronary artery disease was defined as the presence of significant obstructive stenosis, at least 50% of the vessel lumen diameters, in any of the main coronary arteries by at least 2 independent senior interventional cardiologists based on quantity coronary angiography. Myocardial infarction was diagnosed according to the World Health Organization criteria including AMI and old MI. 17
Laboratory Measurements
The laboratory measurements in the present study were conducted by the clinical chemistry department of Fu Wai hospital. Blood samples of the patients were obtained at 7:00 AM in the next morning of the day of admission from the cubital vein after a 12-hour overnight fast at rest state. The blood was collected into EDTA-containing tubes and stored at 4 C until transport for detection within 1 hour. Concentrations of total cholesterol (TC) and triglyceride (TG) were measured using enzymatic methods and high-density lipoprotein cholesterol by a direct method (Roche Diagnostics, Basel, Switzerland). Low-density lipoprotein cholesterol (LDL-C) was obtained by Friedewald's formula (if fasting TGs < 3.39 mmol/L) or by ultracentrifugation. Levels of high-sensitivity C-reactive protein (hs-CRP) were determined using immunoturbidimetry (Beckmann Assay, Bera, California). White blood cell count was also determined after admission by the automated hematology analyzer XE-1200 (Sysmex, Kobe, Japan). Plasma Ddimer levels were measured using immunoassays turbidimetry (STA Compact Diagnostica Stago assay instrument, France) where the intra-assay coefficient of variation was 8.37% and the interassay coefficient of variation was 10.46%. Samples for determination of D-dimer were centrifuged immediately, and the results collected are expressed in micrograms per milliliter (mg/mL). The normal reference range of plasma D-dimer is less than 0.5 mg/mL, as recommended by the manufacturer. All other included biomarkers were analyzed by standard hematological and biochemical tests.
Severity Assessment of Coronary Atherosclerosis
The first assessment of the severity of CAD was based on number of stenosed coronary vessels. Patients were grouped as: 1 (single-vessel disease), 2 (2-vessel disease), and 3 (3vessel disease and/or left main stem disease).
The second method was GS assessment. The GS was computed by assigning a severity score to each coronary stenosis according to the degree of luminal narrowing and its geographic importance. Two experienced cardiologists who were blinded to the study protocol and each other's interpretation calculated GS from initial angiograms. First, reduction in lumen diameter and angiographic appearance of concentric lesions and eccentric plaques were evaluated. Reductions in 25%, 50%, 75%, 90%, 99%, and complete occlusion were assigned as 1, 2, 4, 8, 16, and 32, respectively. Second, a multiplier was assigned to each main vascular segment based on the functional significance of the myocardial area supplied by that segment: 5 for the left main coronary artery, 2.5 for the proximal segment of the left anterior descending (LAD) coronary artery, and the proximal segment of the circumflex artery, 1.5 for the mid-segment of the LAD, 1.0 for the right coronary artery, the distal segment of the LAD, mid-distal region of the circumflex artery, the posterolateral artery, and the obtuse marginal artery, and 0.5 for small segments. 15, 18 
Follow-Up
The study nurses who were blinded to the study protocol conducted the standardized telephone interviews and collected follow-up data after 6, 12, 24, and 36 months. Once patients reported that they had been hospitalized, appropriate hospital records were consulted. The prespecified clinical end points were defined as cardiac death, nonfatal MI, recurrence of MI, and stroke. Death of a patient was reported by relatives or the general practitioners who treated the patient. Three experienced physicians who were masked to any of the study data independently classified the event.
Statistical Analysis
The values were expressed as the mean + standard deviation or median (Q1-Q3 quartiles) for the continuous variables and as the number (percentage) for the categorical variables. Values of D-dimer, TG, hs-CRP, and N-terminal probrain natriuretic peptide levels were logarithm transformed to normalize their distributions. Continuous variables and categorical variables were analyzed by the chi-square statistic tests, the one-way analysis of variance test, or the t test when appropriate. The relationship of the D-dimer levels with GS was evaluated by univariate and multivariate linear regression models (including potential factors such as age, gender, DM, hypertension (HT), smoking, and lipid profile) using forward stepwise selection process. The association of the D-dimer levels with outcomes was determined with Cox proportional hazard models using forward stepwise selection process. Event-free survival curves were constructed using the Kaplan-Meier methods and compared using log-rank test. A P value < .05 was considered statistically significant. The statistical analysis was performed with SPSS version 19.0 software (SPSS Inc, Chicago, Illinois).
Results
Baseline Characteristics
Of 2410 consecutive patients who underwent selective coronary angiography, 2209 (91.7%) patients were followed up. The baseline demographic, clinical characteristics, and laboratory findings were summarized according to tertiles of the plasma D-dimer levels (tertile 1 < 0.23 mg/mL, n ¼ 816; tertile 2, 0.23-0.36 mg/mL, n ¼ 629; tertile 3 > 0.36 mg/mL, n ¼ 764) in Table 1 . As shown in Table 1 , patients with higher D-dimer levels were older than that with lower levels, and patients had the higher proportion of females and history of HT with increasing tertiles of plasma D-dimer. However, the inverse relationship of the D-dimer tertiles with the prevalence of smoking and patients with pre-percutaneous coronary interventions (PCI) were found. In addition, the markers of inflammation including hs-CRP and fibrinogen levels were increasing with the tertiles of the plasma D-dimer, and TG was significantly lower but TC and LDL-C were higher with increasing tertiles of the plasma D-dimer. Importantly, patients with the higher levels of D-dimer were accompanied by high GS.
Furthermore, prior patients with MI were with a higher D-dimer compared with nonprior patients with MI (0.42 + 0.48 mg/mL vs 0.38 + 0.64 mg/mL, P ¼ .006).
Association of D-Dimer and the Extent of CAD
The median (Q1-Q3 quartiles) of GS was 20 . The percentage of 1-vessel disease, 2-vessel disease, and 3-vessel disease of stenosed coronary was 25.9%, 29.1%, and 45.0%. Although there was no statistically significant correlation between the D-dimer tertile and the number of stenosed coronary vessel (chi-square for trend, P ¼ .093, Table 1) , GS was significantly different from the tertiles of the D-dimer levels (P < .001, Table 1 , Figure 1A ), and the difference was strong especially between high tertiles and low-mid tertiles. In addition, the D-dimer concentrations were also different from the groups with various numbers of stenosed coronary vessel (Figure 1B) , especially comparing with groups of 1-vessel disease and 3-vessel disease. The multivariate linear regression analysis showed that the plasma D-dimer level was a potential predictor of GS after adjustment for conventional risk factors of CAD (b ¼ 4.02, 95% confidence interval [CI]: 1.20-6.84, P ¼ .005, Table 2 ).
D-Dimer for Predicting Subsequent Outcomes
The population of the present study was followed up for an average of 18 months (ranged from 14 to 1037 days). During the follow-up, 42 patients had adverse outcome. Seventeen patients had MI and 16 patients had stoke, while 9 patients had fatal cardiac death.
There was an association between baseline plasma D-dimer levels and incidence of total outcome and MI (P ¼ .001 and P ¼ .015, respectively) but not for stoke or cardiac death independently (P ¼ .99 and P ¼ .548, respectively). After adjustment for multiple variables including age, gender, cardiovascular risk factors, and medicine treatment, the D-dimer levels remained to be an independent predictor of total outcome (hazard ratio [HR] ¼ 1.22, 95% CI: 1.09-1.37, P ¼ .001; Table 3 ) suggested by the Cox regression model. Kaplan-Meier curves for cumulative event-free survival of MI based on the tertiles of baseline D-dimer were presented in Figure 2 . The total number of patients who were experienced an MI only 17 (of 2209), that was 0.77%. In mid-high tertile group (D-dimer > .23 mg/mL), the number of patients with an MI was 10; and in low tertile group (D-dimer < .23 mg/mL), the number of patients was 7. Elevated plasma D-dimer levels were generally associated with increased adverse outcome (P ¼ .003).
Discussion
Although the clinical implication of D-dimer in cardiovascular medicine has intensively been investigated, whether the plasma D-dimer level is a useful predictor for the severity and outcome in patients with CAD has less been examined, especially in a large cohort of populations. In our prospective, short-term follow-up study, the data suggested that higher baseline plasma D-dimer levels were associated with the severity of coronary stenosis and poor outcome in patients with CAD. Figure 1 . Association of D-dimer levels with extent of CAD. GS assessment was significant statistical difference between the tertiles of D-dimer ( Figure 1A ). In addition, continuous variable of D-dimer concentration was different between numbers of stenosed coronary vessel groups ( Figure 1B) . Figure 2 . Kaplan-Meier curve for cumulative event-free survival of MI based on tertiles of baseline plasma D-dimer levels. The total number of patients who were experienced an MI only 17 (of 2209) that was 0.77%. In mid-high tertile group (D-dimer > 0.23 mg/mL), the number of patients with an MI was 10; and in low tertile group (D-dimer < 0.23 mg/mL), the number of patients was 7. Elevated plasma D-dimer levels were generally associated with increased adverse outcome (P ¼ .003).
D-Dimer and Other Risk Factors of CAD
D-Dimer is a product of the degradation of cross-linked fibrin and its plasma levels reflect both fibrin formation and degradation. Because of its potential to identify individuals with a hypercoagulable state, D-dimer was considered to be a useful biomarker worthy of continued attention. 6, [9] [10] [11] Mills et al found that D-dimer levels were significantly correlated with age, r ¼ .32 and .40 (P ¼ .01), and fibrinogen, r ¼ .24 and .29 (P ¼ .01) in patients with premature CAD and the controls, respectively. 10 Kikkert et al found that the independent predictors for a high D-dimer level (> 0.71 mg/mL) were age, female, longer total ischemic time, and a history of heart failure. 9 In consistent with the previous studies, our data suggested that baseline D-dimer levels were largely linked with age, female, and other cardiovascular risk factors including hs-CRP and fibrinogen (P < .001, all) in Chinese patients with CAD.
D-Dimer and the Severity of Coronary Stenosis
Alterations of the hemostasis and disturbances of fibrinolysis are detectable during the chronic phase of atherosclerosis. 19 Thrombus formation at the site of atherosclerotic lesions, especially on a ruptured plaque, plays a central role in the ''atherothrombosis.'' 19 However, a small sample size (305 patients with CAD) did not support D-dimer levels in association with the severity of CAD evaluated by the diseased number of coronary arteries but with the presence of CAD in patients with stable angina pectoris. 11 To be inconsistent, in our large population study (n ¼ 2209), we found that the elevated tertile of D-dimer levels were significantly associated with increased coronary stenosis using GS assessment. Also, the plasma D-dimer levels increased with the severity of CAD evaluated by the diseased number of coronary arteries. More interestingly, a novel finding using multivariate linear regression analysis showed that the plasma D-dimer level was an independent predictor of high GS after adjustment for conventional risk factors of CAD. The explanation between our finding and prior study may be that the severity of coronary stenosis could be strongly influenced by different coagulation factors in addition to different D-dimer level and sample size. 20 
Value of D-Dimer as a Predictor of Severity in CAD
The specificity of D-dimer for cardiovascular disease is debatable. Koenig et al studied 312 patients with stable angina pectoris and 477 healthy controls, and found that plasma Ddimer levels were strongly and independently associated with the presence of stable angina pectoris. 11 A large, prospective studies in elderly population performed by Alehagen et al showed that D-dimer concentration had a value for predicting future AMI (odds ratio [OR]: 2.5) and cardiovascular death (OR: 4.0). 19 Another study done in postmenopausal women indicated that D-dimer was independently associated with the occurrence of cardiac events (OR: 2.0). 19 In a study of 257 participants with chest pain, authors found that raised D-dimer had an independent diagnostic value for AMI (positive and negative predictive values estimated as 92% and 41%, respectively) and increased the diagnostic sensitivity of the electrocardiogram and history from 73% to 92%. 21 Moreover, Tokita et al found that D-dimer showed significantly higher positive test rate for the detection of ACS in the very early phase compared with troponin T and therefore they concluded that the D-dimer was regarded useful for the screening of ACS in the emergency setting. 22 In contrast, Itakura et al reported that D-dimer did not distinguish patients presenting with AMI from those with stable angina. 19 Another 2 large prospective studies suggested that D-dimer did not aid detection of ACS or predict prognosis above and beyond established risk factors. 19 In the present study, our data suggested that the plasma level of D-dimer in patients with MI were higher than that in patients with stable CAD (0.42 + 0.48 vs 0.38 + 0.64, P ¼ .006). But the specific value of D-dimer in predicting MI is still needed to be explored.
The Value of D-Dimer as a Predictor of MACE on CAD Population
The role of D-dimer in predicting outcomes are still conflicting in patients with established CAD. Previously, data from 3209 participants in the Framingham study indicated that plasma D-dimer was not predictive for MACE. 12 In the Multiethnic Study of Atherosclerosis, the results suggested that elevated D-dimer levels were related to increased risk of death but not nonfatal cardiovascular events in more than 6000 individuals. 19 A up-to-date meta-analysis conducted by Kleinegris et al showed that an increased D-dimer appeared to be independently associated with a 2-time increased risk of near-term cardiovascular events (relative risk 2.30, 95% CI 1.43-3.68), 23 which refers to the cardiovascular events in the near-term period following the baseline characteristics measurement. Generally, the period which called near term is with a median follow-up of 2 to 4 years.
Furthermore, Kikkert et al suggested that high D-dimer levels at discharge were associated with a higher risk of MACE and non-coronary artery bypass graft major bleeding in patients with ST-segment elevation myocardial infarction undergoing PCIs. 9 In our study, we found that higher D-dimer baseline levels on admission were related to a higher risk of MACE in patients without anticoagulant drugs. Of note, data suggested that after adjustment for multiple variables including age, gender, cardiovascular risk factors, and medicine treatment, D-dimer remained to be an independent predictor of total outcome (HR ¼ 1.22, 95% CI: 1.09-1.37, P ¼ .001). Additionally, previous studies showed that higher D-dimer level was at higher risk of CAD events, even if they are receiving oral anticoagulants in patients with atrial fibrillation, [24] [25] [26] which also support our finding.
There are several limitations in our study. First, the present study is a single-center study. Second, short-term follow-up may be another limitation. Third, D-dimer level is easy to vary under different status, whereas we just investigated whether the baseline level of D-dimer was a predictor of short-term outcome in patients with CAD. Fourthly, although some patients with MI did not take anticoagulant drugs prior to admission, they might take oral anticoagulant drugs after admission, so whether the drugs could affect analysis did not exclude. Additionally, the sample is relatively small. Despite these limitations, our results still have a potential clinical significance and merit further researches.
Conclusion
In conclusion, in this prospective and short-term outcome study, the data clearly suggested that the level of plasma D-dimer was an independent predictor of the severity of CAD as well as the future outcome for patients with CAD. Apparently, a long-term follow-up and a larger population may be needed in the further to reveal more information regarding the role of D-dimer in CAD.
